Objective: To examine explanations of di¡erences in utilization rates of a newly reintroduced technique --o¡-pump coronary artery bypass grafting (CABG) --between racial minorities and Whites.
Introduction
Racial disparities in access to medical care have been documented for decades. 1 Much of the evidence about disparities concerns cardiac care, showing that minorities receive lower quality care from lower quality cardiac surgeons 2 and have worse outcomes than Whites. 1, 3, 4 Controlling for clinical characteristics, Blacks are less likely to be referred for cardiac catheterization, 1 less likely to receive reperfusion therapy, 5 percutaneous transluminal coronary angioplasty (PTCA), 6 and coronary artery bypass graft (CABG) than Whites. 3, 6, 7 Blacks and other minorities have more limited access to new technologies, with larger disparities in utilization rates compared with Whites when a technology is new, a disparity that diminishes (but does not disappear) as the technology diffuses into regular care. 8, 9 Consistent with the literature, data from New York State (NYS) shows that minorities classified as 'other race' (e.g. Asian, American Natives) had lower rates of a recently reintroduced type of CABG -the off-pump procedure. In contrast, minorities classified as Blacks were more likely than Whites to undergo the off-pump procedure. In 1999, in NYS, while 23% of Whites had off-pump surgery, and 20.7% of other/non-Hispanic minorities did, among non-Hispanic Blacks 31% did. To explain this apparent paradox we examine several potential explanations, including differences in patients' clinical risks that may indicate that Blacks are better candidates for the procedure, patient preferences, and surgeons' decisions as they relate to gaining experience with a new procedure.
In 1999, off-pump CABG was still relatively new, performed mostly by a small number of cardiac surgeons. Traditionally, CABG was performed using the cardiopulmonary bypass to circulate blood externally during the operation, thus giving the surgeon a stable and blood-free environment in which to operate. The use of the cardiopulmonary bypass is, however, believed by many cardiac surgeons to be associated with serious complications, including cognitive deficits, stroke, renal failure, and pulmonary dysfunction. 10 Off-pump surgery, which is performed on the beating heart without the use of the cardiopulmonary bypass, 11 was reintroduced in the late 1990s because many cardiac surgeons believed it may decrease the incidence of complications. 10 
Methods

Data
This study is based on the Cardiac Surgery Reporting System (CSRS) data that are collected by the NYS Department of Health. These data include information on patient demographics, hospital and clinician-identifiers, preoperative risk factors, and type of surgeryon-pump and off-pump. Preoperative risk factors included the severity of the coronary artery disease (e.g. ejection fraction and coronary anatomy), previous open-heart surgeries, and other comorbidities ( Table 1) . The data collection tool was developed by the NYS Department of Health and the NYS Cardiac Advisory Committee, which included cardiothoracic surgeons and cardiologists. Hospitals were trained in collecting these data and were audited every other year by the NYS Department of Health to assure data accuracy. 10 We identified off-pump surgeries following the intention-to-treat principle: all CABGs with cardiopulmonary bypass time equal to zero and those that were converted from off-pump to on-pump were considered to be off-pump surgeries in this study.
We categorized each patient into one of six race/ ethnicity groups -White non-Hispanic, White Hispanic, Black non-Hispanic, Black Hispanic, Other non-Hispanic, and Hispanic. Race and ethnicity in this data set are determined by the provider, not the patient. Because the decision to perform off-pump surgery was likely to have been made by the surgeon, race as perceived by the provider is the more appropriate for this analysis.
As a proxy for surgeon experience with off-pump techniques, we measured the number of off-pump procedures the surgeon performed during the year and defined those who performed fewer than 18 as low volume surgeons. It should be emphasized that this designation is based only on their off-pump CABG volume and not total CABG volume. We also note that this designation of low volume is somewhat arbitrary. Ideally we would have liked the designation of low volume to be linked to clinical outcomes. Because there are no studies showing a relationship between offpump volume and outcomes, we were instead guided 3.70 0.000 Hepatic failure 9.49 0.000 Ã The initial analysis included in addition the following risk factors: sex, height, weight, ejection fraction, stress test results (positive, negative, not done, unknown), CCS Functional class, previous MI (less than 6 h, 6-23, and more than 23 h), carotid/cerebrovascular, femoral/popliteal, aortoiliac, hemodynamic instability, hemodynamic shock, hypertension history, congestive heart failure before this admission, malignant ventricular arrhythmia, COPD, myocardial rupture, extensively calcified ascending aorta, diabetes requiring medication, renal dialysis, immune system deficiency, intra-aortic balloon pump pre-op, emergency transfer to OR after PTCA, previous PTCA this admission, thrombolytic therapy within seven days of surgery, stent thrombosis by an a priori examination of the distribution of surgeon volume. This revealed that 75% of surgeons performed less than 18 procedures in 1999 (Table 2) . Thus we chose to designate the top quartile of the distribution (i.e. 18 or more) as high volume.
Analyses
We estimated random effect logistic models (clustered on surgeons) predicting whether the patient underwent off-pump surgery. The explanatory variables included all relevant individual risk factors that are recorded in the CSRS and that were significantly associated with the probability of having off-pump surgery, based on a stepwise procedure. Because of the high correlations between many of the risk factors, some that may seem to be important clinically (like sex) were excluded by the stepwise procedure, as the information they carry is included by other variables, such as variables indicating the diseased vessels and the extent of the disease. All the risk factors considered in the original analyses are listed in Table 1 . These models also included race and ethnicity variables, a variable classifying the surgeons as low volume or not and an interaction between race/ethnicity and surgeon volume. These variables were excluded from the stepwise procedure and thus included in all models.
In one version of the model we also included a variable measuring the proportion of Blacks in the surgeon's CABG practice. Including this variable allowed us to test the hypothesis that the differences in the likelihood of receiving off-pump surgery can be explained by slower adoption of this technology by surgeons who treat a large proportion of Blacks.
The models were estimated as random effect models because patient observations were nested within surgeons. These multiple patient observations for each surgeon are likely to be correlated, due to unobserved surgeon selection effects. A random intercept model with clustering at the surgeon level takes into account the potential for such correlations.
Results
In NYS, in 1999, of 17,792 CABG procedures, 14,218 or 80% were done on-pump and 3574 or 20% were done off-pump. Eighty percent of cardiac surgeons performed off-pump surgeries. The vast majority, however, performed only a few -75% performed fewer than 18 off-pump surgeries during the year ( Table 2) .
We excluded 2468 on-pump CABGs done by surgeons who did not perform any off-pump surgery and 11 off-pump surgeries performed by surgeons who did not perform any on-pump surgery. The final sample included 15,313 CABGs. Table 3 shows the distribution of patients by race/ ethnicity and by type of surgery. On average, 23.3% of all surgeries were off-pump. Blacks/non-Hispanics were significantly more likely to have off-pump surgery, at 31%, compared with Whites/non-Hispanics, at 23%, while other/Hispanics were the least likely at 11.6%. Table 4 presents the odds ratio for having off-pump surgery for patients of different race/ethnicity (based on multivariate regression models) unadjusted for patient risks. The reference category is non-Hispanic Whites. Odds ratios are shown separately for patients treated by high off-pump volume surgeons and for patients treated by low off-pump volume surgeons. The odds ratios for all patients treated by high volume surgeons were not significantly different from 1, indicating that there were no significant differences between non-Hispanic Whites and patients of other race/ethnicity groups to have off-pump surgery. Similarly, there were no significant differences in the odds ratios for Other, Hispanics and non-Hispanics, among those treated by low volume surgeons. This was not the case among Blacks treated by low volume surgeons. Hispanic and non-Hispanic Blacks were significantly more likely to have off-pump surgery compared with non-Hispanic Whites, with odds ratios of 1.88 (Po0.01) and 2.82 (Po0.05), respectively. White Hispanics were also more likely to have off-pump surgery when treated by low-volume surgeons, although the odds ratio for this group was significantly different only at the 0.1 level. Table 5 presents odds ratios adjusted for individual risk factors. The results are very similar to the unadjusted results: there were no significant differences by race for patients treated by high volume surgeons. Among those treated by low-volume surgeons, Blacks were significantly more likely to have off-pump surgery, with White Hispanics showing a marginally significant result. Thus, accounting for individual patient risks does not explain the differences we observe in the propensity to perform off-pump surgery. Table 6 includes odds ratios adjusted also for the percent of Blacks (both Hispanic and non-Hispanic) among all the CABG patients treated by the surgeon. The odds ratios for Blacks are somewhat lower in this model compared with the model controlling only for individual risks, at 1.81 compared with 1.92 for non-Hispanic Blacks and 3.15 compared with 3.29 for Hispanic Blacks. However, the odds ratios in this model are still large and statistically significant, suggesting that the large proportion of Blacks in the practice cannot explain the differences in utilization.
We also tested the joint hypothesis that all minorities treated by high-volume surgeons (i.e. the race variables in the model that did not interact with low volume) as a group had odds ratios different from those of non-Hispanic Whites. This hypothesis was rejected with a P value of 0.33.
Discussion
In contrast to much of the evidence about racial disparities, we found that Blacks were more likely to undergo the off-pump procedure compared with Whites. This difference was concentrated among patients treated by surgeons who performed very few off-pump procedures. The first finding is inconsistent with the large body of literature that shows that Blacks have less access to and receive poorer quality cardiovascular care than Whites. The second finding may explain this inconsistency.
There are several potential reasons for the higher use of the procedure for Blacks among surgeons inexperienced with the off-pump procedure. First, the risk factors included in our analyses may not capture all the differences between patients. If there are clinical characteristics that surgeons consider when making the choice of off-pump versus on-pump surgery that are not included in the CSRS database, and if Blacks treated by low-volume surgeons are more likely to have these risk factors compared with Blacks treated by high-volume surgeons, then our finding may be explained by inadequate risk adjustment. However, there is no reason to believe that the distribution of these unmeasured risk factors should be different in Blacks treated by low-volume off-pump surgeons versus Blacks treated by high-volume off-pump surgeons.
Second, the coronary anatomy of Blacks treated by low-volume off-pump surgeons may have been more amenable to an off-pump approach. 10, 12 However, the CSRS database contains detailed information on coronary anatomy and this information was included in our multivariate models.
Third, new technologies are not adopted by all cardiac surgeons at the same rate. 13 If surgeons who treat a large number of Blacks are more likely to be late adopters of the off-pump technique, our finding that Blacks treated by low off-pump volume surgeons are more likely than Whites to have off-pump surgery may be an artefact. To test this hypothesis we estimated models that controlled for the racial composition of each surgeon's practice. However, we found that differences in patient populations between low and high-volume off-pump surgeons had minimal impact on the propensity of low-volume surgeons to perform off-pump CABG on Black patients. Fourth, differences in patient preferences may explain why low off-pump volume surgeons were more likely to perform off-pump CABG on Blacks than on Whites. We did not have information about patient preferences and could not test their impact on the choice. It seems unlikely, however, that patient preferences among Blacks will vary by the off-pump experience of the surgeon. In fact, if there was such a systematic difference it is more likely that those Blacks who prefer off-pump surgery would have sought surgeons who are more likely to offer off-pump surgery, the high-volume off-pump surgeons, but they did not.
Finally, surgeons may be more likely to try (intentionally or unintentionally) a new procedure on Blacks, patients who may be less knowledgeable about treatment options, who are less likely to play an active role in choosing between alternative treatments and who are less likely to take action if they experience a poor surgical outcome. 14, 15 This explanation for the observed higher utilization of off-pump surgery among Blacks is consistent with the literature about barriers that minorities experience in accessing care in general and high-quality providers in particular.
We had no information about patient socioeconomic status. As race and ethnicity tend to be highly correlated with education and income we cannot rule out the possibility that the tendency of surgeons less experienced with the new procedure to perform it on Blacks is indeed related to race and not socioeconomic status. In either case, the evidence presented here suggests that it is a vulnerable patient population that is at risk.
Another potential limitation of this study, which should be addressed in future research, is that it was cross sectional. Future research should examine this question in a longitudinal data set that would allow examination of procedure choice along the trajectory of volume growth for each surgeon. Further research is also needed to gain a better understanding of the reasons for the higher use of the reintroduced offpump technology among Blacks and White Hispanics. It may also be informative to explore the reasons that other minority groups did not have a similar experience. Research into practices involving introduction of other new technologies may also offer insights.
